A variant of hepatitis E virus (HEV),
Introduction
Hepatitis E virus (HEV), previously referred to as enterically transmitted non-A, non-B hepatitis or ' waterborne hepatitis ', is a major cause of epidemic hepatitis and of acute, sporadic hepatitis in developing nations (Khuroo, 1980 ; Bradley, 1990 ; Krawczynski, 1993 ; Mushahwar & Dawson, 1997) . HEV is a Author for correspondence : George Schlauder.
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A preliminary report of this work was presented in a poster at the IX Triennial International Symposium on Viral Hepatitis and Liver Disease held on April 21-25 1996 in Rome, Italy. divergent from the Mexican and Burmese strains. Synthetic peptides derived from the carboxyl amino acids of ORF2 and ORF3 were shown to be useful for detecting exposure to HEV. In addition, IgM class antibodies directed against HEV US-1 synthetic peptides were detected in the US patient infected with HEV US-1, but were absent using synthetic peptides from the Burmese or Mexican strains of HEV. A preferential reactivity to HEV US-1 specific peptides has lead to the identification of a second isolate of this virus also from a patient with acute hepatitis from the US. The discovery of these HEV variants may be important in understanding the worldwide distribution of HEV infection. non-enveloped virus, approximately 27-30 nm in diameter, and has a positive-sense, single-stranded RNA genome of approximately 7n2 kb. The viral genome consists of three discontinuous, partially overlapping open reading frames (ORFs) with ORF1 encoding non-structural gene products [putative helicase, protease and RNA-dependent RNA polymerase (RDRP) proteins], ORF2 encoding the putative capsid protein, and ORF3 encoding a small protein of unknown function (Tam et al., 1991 ; Huang et al., 1992) . HEV is tentatively classified as a member of the Caliciviridae.
The full-length genomes of two prototype strains of HEV from Burma and Mexico have been sequenced (Reyes et al., 1990 ; Tam et al., 1991 ; Huang et al., 1992) . The overall nucleic acid identity is 76 % and the deduced amino acid identities are 84, 93 and 87 % for ORF1, ORF2 and ORF3, respectively (Huang et al., 1992) . Several HEV isolates identified from subsequent outbreaks appear to be most closely related to the Burmese strain, with greater than 93 % nucleotide identity across the genomes (Tsarev et al., 1992 ; Yin et al., 1993) . Analysis of recently reported HEV sequences identified in two patients from China (Huang et al., 1995) and swine herds in the US (Meng et al., 1997) suggest that additional variants may exist which are significantly divergent from the Mexican and Burmese strains.
While most HEV-associated hepatitis cases are linked to epidemics or to acute, sporadic hepatitis in developing nations, there have been occasional reports of HEV-associated hepatitis in the US. These infections have been exclusively shown to be associated with travellers returning from visits to areas where HEV is endemic (Bader et al., 1991 ; Smalley et al., 1996 ; . Although there have been isolated reports of HEV-associated hepatitis in Italy (Zanetti et al., 1994) and the Netherlands (Zaijer et al., 1993) among individuals with no history of travel to regions endemic for HEV, it is generally believed that such occurrences are rare in developed nations. Thus, HEV-associated hepatitis and HEV infections in general appear to be rare in the US and Western Europe. However, seroepidemiological studies indicate that IgG class antibodies to HEV proteins are detected in 1-2 % of over 10 000 blood donors in the US and Western Europe (Dawson et al., 1992 b ; Paul et al., 1994) . Similar results have recently been reported by other investigators (Quiroga et al., 1996 ; Mast et al., 1997) . These data suggest that HEV infections may be more widely distributed than originally believed and that additional strains of HEV may be circulating in industrialized nations.
In this paper, we report the cloning and sequencing of a unique strain of HEV, HEV US-1, from the first known case of HEV in an individual who had not recently travelled outside the continental US (Kwo et al., 1997) . In addition, we present genomic and phylogenetic analyses to determine the relationship of HEV US-1 to other strains of HEV. We describe the diagnostic utility of epitopes encoded by HEV US-1 and demonstrate their usefulness in the identification of a second isolate, HEV US-2. The potential importance of HEV US-1 in enhancing our understanding of the diversity and epidemiology of HEV is also discussed.
Methods
Source material. The cloning source was serum of a 62-year-old white male (USP-1) that was collected after hospital admission following a 3 week history of fever, abdominal pain, jaundice and pruritis. A liver biopsy showed a severe acute lobular hepatitis with striking pyknotic and ballooning degeneration of hepatocytes consistent with autoimmune, drug or viral hepatitis. Serology for hepatitis A (IgM and IgG anti-HAV), hepatitis B (HBsAg, IgM and IgG anti-HBc), and hepatitis C (anti-HCV), as well as HCV RNA detection were negative (Kwo et al., 1997) . No risk factors for acquiring HEV were identified, as the patient reported no travel outside the US for over 10 years and no known exposure to untreated drinking water, raw shellfish or farm animals. The patient tested positive for IgG anti-HEV 9 days after admission, yet remained negative for IgM class antibodies to HEV (Kwo et al., 1997) .
Genomic extension. HEV US-1 sequences were identified and extended using RNA extracted from 25-50 µl serum using the Ultraspec RNA Isolation system (Biotecx) as described by the manufacturer or using the ToTALLY RNA isolation kit (Ambion) in combination with the SNAP Total RNA isolation kit (Invitrogen). In the latter extraction, 50 µl serum was mixed with 500 µl denaturing solution, 55 µl 3n0 M NaOAc solution, and 550 µl phenol-chloroform solution, vortexed for 1 min and incubated on ice for 5 min. Samples were centrifuged at 14 000 r.p.m. for 5 min. The aqueous phase was transferred to 550 µl acidified phenolchloroform solution, vortexed for 1 min, incubated on ice for 2 min, then centrifuged as above. Nucleic acids from the aqueous phase were precipitated with an equal volume of isopropanol and 1 µl pellet paint (Novagen). Nucleic acid pellets were resuspended in 42 µl DEPC-treated H # O. DNA was digested at 37 mC for 10 min following the addition of 2 µl RNase inhibitor, 5 µl 10i DNase buffer and 1 µl DNase. Next, 100 µl DEPC-H # O and 450 µl binding buffer were added and mixed by inversion. To this, 300 µl isopropanol was added, mixed by inversion, and transferred to a purification column. The column was centrifuged and washed as described by the manufacturer. RNA was eluted using 125 µl DEPC-H # O. Purified RNAs were ethanol precipitated and resuspended in 50 µl DEPC-H # O. RT-PCR was performed using the GeneAmp RNA PCR kit essentially according to the manufacturer's instructions (Perkin-Elmer). RNA was reverse transcribed in the presence of HEV-specific primers or random hexamers (Table 1) . PCR was performed with the cDNA encompassing one-fifth of the total reaction volume (10-25 µl). Standard PCR was performed in the presence of 2 mM MgCl # and 0n5-1n0 µM of each primer. Modified reactions contained 1i PCR buffer and 20 % Q Solution (Qiagen) in place of Perkin-Elmer buffer (Table 1) . Reactions utilized two HEV consensus primers, each based on a Mexican (Tam et al., 1991) or Burmese (Huang et al., 1992) isolate within conserved regions, one HEV consensus primer and one HEV US-1 specific primer, or two HEV US-1 specific primers ( Table 1) . The sequence at the 3h end of the genome was obtained using the 3h RACE System (GIBCO BRL) as described by the manufacturer. Thermal cycling conditions involved 35 cycles of standard amplification (94 mC for 30 s, 55 mC for 30 s, 72 mC for 1 min) or ' touchdown ' amplification (Roux, 1994) . A second round of amplification was required to isolate several of the desired products (Table 1) . In these instances, 1 µl of first round amplification was reamplified.
PCR products were purified and cloned into pT7-Blue T-Vector (Novagen). For each product, two to three clones were sequenced using radiolabelling and Sequenase Version 2.0 (USB) or an ABI Model 373 DNA Sequencer with the ABI Sequencing Ready Reaction kit as specified by the manufacturer.
Sequence analysis. Nucleotide sequences were compiled using the Fragment Assembly programs of the Wisconsin Sequence Analysis Package (Genetics Computer Group, Madison, WI, version 9). Nucleotide and amino acid sequence alignments were performed with the GAP and PILEUP programs of the same package. Phylogenetic distances were determined using the DNADIST program of the PHYLIP package (version 3.5c ; Felsenstein, 1993) . Phylogenetic trees were generated using NEIGHBOR. The robustness of the trees was determined by bootstrap resampling of the multiple-sequence alignments (100 sets) with the programs SEQBOOT, DNADIST and CONSENSE (PHYLIP package) . Bootstrap values of less than 70 % are regarded as not providing evidence for a phylogenetic grouping (Muerhoff et al., 1997) . The final trees were produced using RETREE (PHYLIP) with the midpoint rooting option and the graphical output was created with TREEVIEW (Page, 1996) . Table 1 . RT-PCR conditions for HEV US-1 genomic extension and virus detection # Conditions used for PCR are: a, standard Perkin-Elmer reagents; b, Qiagen buffers; c, standard amplification; and d, 'touchdown' amplification. * HEV consensus sequence. ** HEV US-1 specific primer. *** Oligonucleotides provided within the 3´ RACE kit described. (Koonin et al., 1992) . (c) Alignment of polypeptides designed to the Burmese (b4-2, b3-2e), Mexican (m3-2, m3-2e), and US (u4-2, u3-2e) strains of HEV. These represent the putative epitopes within ORF2 (3-2) and ORF3 (4-2). The consensus sequence (Con) is shown.
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The following sequences were utilized in the analyses (GenBank accession numbers given in parentheses). Full-length HEV sequences : Burmese isolates, B1 (M73218), B2 (D10330) ; Chinese isolates, C1 (D11092), C2 (L25547), C3 (M94177), C4 (D11093) ; Indian isolates, I1 (X98292), I2 (X99441) ; Pakistan isolate, P1 (M80581) ; Mexican isolate, M1 (M74506). Partial HEV sequences : Chinese isolates, G20 (X87306), G9 (X87307) ; swine HEV isolate, S1 (AF011921). The GenBank accession numbers of sequences presented in this manuscript for HEV US-1 are : 5h-ORF1, AF035456 ; 3h-ORF1, ORF2, ORF3, AF035437.
Enzyme-linked immunosorbent assays (ELISAs). A commercial anti-HEV assay, HEV EIA, (Abbott Laboratories) was utilized to identify HEV antibodies. This assay employs recombinant proteins CKS-HEV-8-5 (full-length ORF3, comprised of 123 amino acids) and CKS-HEV-SG-3 (comprised of the carboxyl 327 amino acids of ORF2) based on the Burmese isolate of HEV (Paul et al., 1994) . Strain-specific ELISAs using synthetic peptides were developed for Mexican, Burmese and US strains of HEV (Dawson et al., 1992 b) . These peptides represent epitopes that are important for detecting antibodies to HEV (Yarbough et al., 1991 ; Dawson et al., 1992 b) which are located at the carboxyl termini of ORF3 and ORF2 and are designated 4-2 and 3-2, respectively. In this paper, 3.2e refers to a 6 amino acid extension of peptide 3-2 (Fig. 2) . The amino acid sequences are shown in Fig. 1 .
Serology panels. A panel of specimens was tested with the strainspecific ELISAs based on synthetic peptides. A population of ten US volunteer blood donors that was negative for IgG and IgM class antibodies was selected as a negative control population. Specimens from acute HEV infections in Egypt, Norway and India that were positive for IgG and IgM class antibodies utilizing the HEV EIA, were used as a positive control population for the strain-specific ELISAs.
Two patients from the US with acute hepatitis, who tested positive for IgG class antibodies in the HEV EIA, were also tested with the strainspecific ELISAs. The patient USP-1 has been described above. The second US patient (USP-2), diagnosed with acute hepatitis, was a 62-year-old male who was admitted to the hospital with jaundice and fatigue. Initial laboratory studies indicated an alanine aminotransferase activity of 1270 U\l (normal 0-40 U\l). Since there was a recent outbreak of hepatitis A virus (HAV) in this area, it was suspected that this individual was infected with HAV. However, the anti-HAV IgM test, HAVAB-M EIA (Abbott Laboratories), was negative, as were tests for serologic markers for hepatitis B virus and hepatitis C virus. This patient's history included a visit to Cancun, Mexico, several weeks prior to the onset of his illness.
HEV US-1-specific PCR. RNA was extracted using Ultraspec and PCR performed using standard conditions as described above. Nested PCR was performed with primer set 11 (Table 1) .
Results
Identification and extension of HEV US-1
Initial PCR studies indicated that serum from patient USP-1 was positive for HEV RNA using primers from the 5h-end of ORF1 of the Mexican strain (Kwo et al., 1997) . HEV RT-PCR studies were repeated on serial sera samples using primer set 1 (Table 1) . Each of these sera produced amplification products of 342 bp. DNA sequencing of the products revealed HEV-like sequences that were 100 % identical to each other (Schlauder et al., 1996) .
To determine the degree of relatedness of the sequence from USP-1 and other known HEV isolates, sequences were aligned (Fig. 1 a) and pairwise comparisons were performed. These analyses indicated that the PCR product showed nucleic acid identities of 77n2 and 74n9 % to the prototype Mexican and Burmese isolates, respectively. The identity between the prototype Mexican and Burmese isolates across this region is 83n2 %. A single ORF encoding a conserved methyltransferase exists over this region. Alignment of the deduced amino acid sequence from this ORF with the homologous regions from the Mexican and Burmese sequence is shown in Fig. 1 (b) . The amino acid sequence of this gene product is 93n1 and 92n1%, identical to the Mexican and Burmese sequences, respectively. These results indicated that the uniqueness of this sequence relative to the prototype HEV isolates is maintained at the nucleotide and amino acid level.
In order to extend this sequence, a combination of walking experiments utilizing HEV US-1-specific primers and HEV consensus primers was utilized (Sorensen, 1993) . The location and length of the extension and primers are summarized in Table 1 and Fig. 2 . These experiments did not decipher the entire viral genome ; however, two large contiguous sequences, referred to as contigs, were assembled representing approximately 65 % of the viral genome. The 5h-most contig of 1438 bp, overlapped the 5h-end of ORF1. This contig is referred to as 5h-ORF1 and, as in other HEV isolates, contains a polyprotein possessing conserved motifs for a methyltransferase, the Y domain and the amino terminus of a papainlike protease. The second contig was 3486 bp in length and represented the 3h-end of ORF1, the entire ORF2 and ORF3, and the 3h-nontranslated region (NTR). This contig encodes almost the entire RDRP, possessing conserved motifs to supergroup 3 polymerases (Koonin et al., 1992) .
Several attempts were made (Sorensen walks using HEV US-1 specific primers from both the 5h and 3h portions of ORF1, and conventional and modified RT-PCR with US specific and consensus primers) to obtain the additional sequence between the 5h-end and 3h-end of ORF1 with no success. The failure to amplify this region could presumably be due to the low titre (5i10$ copies\ml) of viral RNA in USP-1 serum (results not shown).
Sequence comparisons and phylogenetic analysis with complete genomes
To more extensively determine the degree of relatedness between this HEV US-1 and other known isolates of HEV, nucleotide alignments were performed. The absence of a portion of ORF1 in the US-1 sequence precluded comparison over the entire genome. However, to maximize the number of data points in the analysis, an artificial concatemer was formed connecting the 5h-ORF1 and 3h-ORF1\ORF2\ORF3 sequences. This sequence was compared to the homologous regions from ten other isolates of HEV from which complete genomes are available. The nucleic acid identity between the US isolate and other HEV isolates ranged from 76n8 to 77n5% (Table 2) . These identities are similar to the identity between EFA United States hepatitis E virus isolate United States hepatitis E virus isolate (Table 1) are indicated. The two contiguous sequences representing the 5h-ORF1 and the 3h-ORF1/ORF2/3 are shown. The location of predicted ORF2 (3-2) and ORF3 (4-2) epitopes are shown. Within ORF1, the following domains are mapped : methyltransferase, M ; Y domain, Y ; protease, Pr ; hypervariable region, Hy ; proline-rich hinge, P ; X domain, X ; helicase, H ; RDRP, R. 0n0639 0n0680 0n0612 0n0591 0n0621 0n0633 92n7 94n2 78n8 77n5 I2 0n0390 0n0463 0n0790 0n0814 0n0817 0n0761 0n0766 92n2 77n8 76n8 P1 0n0664 0n0718 0n0167 0n0128 0n0173 0n0302 0n0602 0n0816 79n2 77n3 M1 0n2599 0n2625 0n2550 0n2564 0n2575 0n2597 0n2599 0n2743 0n2544 76n8 U1 0n2840 0n2861 0n2835 0n2814 0n2817 0n2893 0n2785 0n2892 0n2844 0n2905 Genetic distance the prototype Mexican and Burmese isolates (78n8 %) over these regions. In contrast, the closely related Burmese-like strains exhibit between 92n2 and 98n8 % identity to each other. The nucleic acid identities between the US isolate and the Burmese prototype isolate across the 5h-and 3h-ends of ORF1 were 75n2 and 75n4 %, respectively. These identities are similar to those between the prototype Mexican and the Burmese isolates, as well as the Mexican and the US isolates, over these regions. In contrast, a Burmese-like strain from Pakistan, P1, exhibited identities to the prototype Burmese isolate of 93n1% for the 5h-end and 93n7 % for the 3h-end of ORF1.
The pairwise comparisons of the predicted amino acid sequences across the 5h-ORF1\3h-ORF1 fragments show that the prototype Burmese and Pakistan isolates are greater than 99 % identical. In contrast, the US isolate maintains the same degree of identity to the Mexican (91n5%\86n7 %) and Burmese (90n5%\88n5 %) isolates as the Mexican isolate does to the Burmese isolate (90n9%\88n5 %).
The comparisons based on the nucleotide region over ORFs 2 and 3 are shown in Table 3 . The nucleotide identities between the related Burmese-like strains ranged from 93n1 to 98n8 %. In contrast, the divergent HEV US-1 and Mexican isolates were only 78n2 % identical. This is similar to the identities between HEV US-1 and the Burmese-like isolates (79n0-79n6 %). These relationships are also maintained at the amino acid level for the ORF2 and ORF3 translations. The Burmese-like strains exhibit amino acid identities greater than 96 % for ORF2 and ORF3, which is much higher than the identities between HEV US-1 and all other human isolates for ORF2 (90n0-92n0 %) and ORF3 (78n9-84n6 %).
Examination of the phylogenetic distances based upon alignments of the concatemer of HEV US-1 sequence and other isolates of HEV demonstrate that there is considerable evolutionary distance between HEV US-1 and the other isolates of HEV (Table 2) . The distances calculated also show the close relationship between the isolates originating from Asia. Within this Burmese-like group the maximum distance calculated from the concatemer alignment is 0n0817 nucleotide substitutions per base. The minimum distance between a member of this group and HEV US-1 is 0n2814 substitutions. The Mexican strain shows similar distances to the Burmese-like group of 0n2544-0n2743 substitutions and 0n2905 substitutions to the US isolate. The relative evolutionary distances between the viral sequences analysed are readily apparent upon inspection of the unrooted phylogenetic tree presented in Fig.  3(a) , where the branch lengths are proportional to the evolutionary distances. In the phylogenetic tree, the Burmeselike isolates, the Mexican isolate and the US isolate each represent a major branch. In addition, the branching of the prototype viruses is supported with bootstrap values of 100 %.
Analysis of smaller segments of the genome (e.g. 5h-ORF1, 3h-ORF1, ORF2 or ORF3) were individually analysed resulting in trees analogous to those obtained with the concatemer (results not shown).
Comparison to a fragment from two Chinese patients
Partial sequences of 210 nt from two HEV isolates from China, have recently been described (Huang et al., 1995) . These fragments represent sequences homologous to a region of HEV in ORF1 from positions 4545-4754 in the Burmese sequence. The results of pairwise comparisons of the nucleotide sequence indicate that the G9 and G20 isolates are most identical to each other (89 %) with a lower range of identities to the Burmese-like, Mexican and HEV US-1 isolates (71n9-81n0 %). These results, along with an evaluation of the genetic distances, suggest that these isolates may group into four major branches. However, bootstrap analysis did not produce a statistically significant phylogenetic tree (results not shown). This is presumably due to limitations associated with the amount of sequence available for analysis.
Comparison to ORF2/ORF3 from swine HEV
In order to determine the relationship between a recently described swine HEV and the human HEV US-1 isolate, comparisons of the nucleotide sequences and the predicted amino acid sequences across the complete ORF2 and ORF3 were performed (Table 3 ). The nucleic acid identity between HEV US-1 and swine HEV is 92n1 % over this region. The corresponding amino acid identities are 97n7 % for ORF2 and 93n5 % for ORF3. Phylogenetic analysis produces a genetic distance of 0n0812 nucleotide substitutions per position between the US and swine HEV. These analyses produce values similar to those observed between the most distant Burmese-like isolates. The US and swine isolates group closely on an unrooted phylogenetic tree when the ORF2\3 nucleotide sequences are analysed (Fig. 3 b) . These two isolates form a phylogenetic group distinct from the Mexican isolate and the Burmese-like isolates. These groupings are supported by bootstrap values of 100 %.
Serology
Synthetic peptides corresponding to the carboxyl 33 amino acids of ORF3 and the carboxyl 48 amino acids of ORF2 were generated for three HEV strains (Burmese, Mexican and US-1) and ELISA tests were developed. None of the ten sera obtained from US volunteer blood donors were positive for IgG or IgM class antibodies for any of the peptide assays (Table 4 ). All samples obtained from acute HEV cases in Egypt, India and Norway were reactive for both IgG and IgM class antibodies in at least one of the ELISAs for each virus strain. For patient USP-1, IgG class antibodies were detected on day 8 after presentation for at least one of the ELISAs for each virus strain, but were not detected with the Mexican strain ELISAs on day EFC Table 4 . Detection of IgG and IgM class antibodies against HEV synthetic peptides in volunteer blood donors and known cases of acute HEV infection* *ELISAs were developed for epitopes at the carboxyl ends of ORF2 and ORF3, respectively, for three HEV strains [Burmese (B), Mexican (M) and US]. The amino acid sequence of the synthetic peptides utilized in the ELISAs is presented in Fig. 1 . **Sample to cut-off (S/CO) values were determined for each assay separately; specimens with S/CO values greater than 1.0 are considered reactive (approximately 10ithe negative control value).
37 after presentation of symptoms. Further, for patient USP-1, IgM class antibodies were not detected against either the Burmese or Mexican strains of HEV, but were detected against the HEV US-1 strain both on day 8 and day 37 after presentation. Similarly, the anti-HEV IgM response of USP-2 for ELISAs based on HEV US-1 was stronger than the reactivities noted for the Burmese and Mexican strain ELISAs. The differences in seroreactivity observed in the 48 amino acid sequence comprising ORF2 strain-specific ELISA may not have been predicted based on the amino acid alignments wherein only four (Burmese) or five (Mexican) amino acid changes were noted over the entire region.
Due to the strong reactivity to IgG and IgM class antibodies to the US-1 HEV strain ELISAs, PCR was performed on USP-2 serum using HEV US-1-specific primers. USP-2 was found to be positive for a product of the expected size (199 bp). The PCR product was sequenced and found to be 95 % identical to the sequence from HEV US-1.
Discussion
The discovery of a novel human strain of HEV that is significantly divergent from the Burmese and Mexican strains represents a key development in our understanding of the heterogeneity of HEV isolates and their role in the global epidemiology and the potential pathogenesis of HEV infection. Based on comparisons with known HEV isolates, 65 % of the viral genome of HEV US-1 has been described ; it consists of the 5h-and 3h-termini of ORF1, the entire ORF2 and ORF3 and the 3h-NTR. The tentative designation of HEV US-1 as a strain of HEV is based on the overall nucleotide and amino acid identities with known isolates of HEV. Secondly, the alignment of ORFs, start\stop codons, and a short 3h-untranslated region, and motifs that are relatively conserved in the prototype strains also support this nomenclature. Thirdly, as with the Burmese and Mexican strains of HEV, synthetic peptides from the carboxyl amino acids from ORF2 and ORF3 appear to encode epitopes that are useful for the detection of antibodies to HEV in infected individuals, further supporting HEV US-1 as an HEV isolate.
Pairwise comparisons of the nucleotide and amino sequences indicate that HEV US-1 is as divergent from the Burmese and Mexican strains as these strains are from each other. This relationship was observed for individual fragments representing the 5h-and 3h-ends of ORF1, for the full-length ORF2 and ORF3, and for the concatemer representing all of these nucleotides. Examination of the phylogenetic distances indicate that the Asian strains are clustered in close proximity to the prototype Burmese strain, while the Mexican and US strains are clearly distinct from the Asian strains, as well as from each other. The recent identification of a short fragment from two isolates of HEV from China suggest that additional variants may exist that are divergent from the Burmese-like and Mexican isolates (Huang et al., 1995) . The preliminary comparison of the nucleotide fragment from the two Chinese patients, G9 and G20, with HEV US-1 indicate that they are distinct from the US isolate and could represent a fourth group of HEV. However, in order to provide statistically significant support for the grouping of these Chinese isolates, additional sequences need to be deciphered. HEV is transmitted primarily by an oral-faecal route, frequently by faecal contamination of the drinking water supply. The possibility of zoonotic infections from pigs to humans was made following the experimental infection of pigs with a human strain of HEV (Balayan et al., 1990) . In addition, antibodies to HEV were detected in sera from chickens, cows, goats, water buffaloes and pigs in Thailand, with HEV RNA being detected in pigs, but not confirmed by sequence analysis (Clayson et al., 1996) . The recent description of an ORF2\3 sequence related to HEV, isolated from swine herds in the US (Meng et al., 1997) , provides support for earlier studies which suggested that zoonotic infections from pigs to human or humans to pigs may occur. The observation that the US swine isolate is more closely related to the human HEV US-1 strain than to the Burmese and Mexican isolates suggests that human and swine HEV strains may co-exist in different geographic regions. A second HEV US isolate, obtained from an individual presenting with acute hepatitis, was closely related to the US-1 isolate, with nucleotide identities of 95 % over the region studied. Since there is no available data on the swine ORF1 sequence, the second US isolate could not be compared to the swine isolate.
Preliminary results indicated that ELISAs based on synthetic peptides derived from HEV US-1 were useful in detecting antibodies to HEV in infected individuals. For patient USP-1, IgG, but not IgM class antibodies, were detected with the Burmese and Mexican strains of HEV (Kwo et al., 1997) . Since the diagnosis of acute hepatitis is associated with IgM class antibodies to HEV, USP-1 would not have been diagnosed with acute HEV based on serology with ELISAs derived from the Burmese and Mexican sequences. However, IgM class antibodies to HEV were identified by utilizing the HEV US-1 peptides, permitting the diagnosis of acute HEV infection. It is possible that the presence of acute HEV infection in various populations is being underestimated due to the lack of appropriate reagents for detection of strain-specific IgM class antibodies.
With the exception of a single outbreak of HEV in Mexico (Velasquez et al., 1989) , the only cases of HEV infection in North America have been linked to travel abroad. The identification of HEV US-1 in a US resident, who had not travelled outside the country in over 10 years, has several implications. First, an HEV US-1 strain may be responsible for some cases of acute hepatitis that are currently not linked to infection with HEV. Secondly, the appearance of an HEV US-1 strain that is circulating in North America may help explain the seroprevalence data obtained in the US where, in spite of the rarity of HEV-associated hepatitis cases, the seroprevalence EFE of antibodies to HEV among volunteer blood donors is 1-2 % (Dawson et al., 1992 b ; Mast et al., 1997) . Third, it is possible that the current cases of HEV as well as other cases are associated with zoonotic infection from domestic swine or other livestock. Fourth, in view of the high degree of relatedness of the HEV isolates, the possibility of transmission of the virus from swine to human via xenotransplantation remains.
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